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1 Background
The step size and the exceptions for spurious response for the Rel-10 OOBB test for inter-band CA are still outstanding. RAN5 has now decided that one bandwidth combination has to be verified in conformance testing, which can allow the use of a 1 MHz step size also for CA. Nevertheless, RAN4 should consider the test time.
The interferer frequency step size may not be the only issue: the interferer power level should perhaps also be revisited. In addition, for all selectivity and blocking tests, the 95% throughput requirement is verified on the Scell while the Pcell (in the uplink band) is active. The Pcell and Scell are then swapped and the measurement repeated to verify the performance with the uplink in the other band of the combination. However, from a functionality perspective, it may be more relevant to measure the wanted aggregated signal throughput on the Pcell and Scell simultaneously, at least for the OOBB test. This can also give RAN5 possibilities to reduce further the test time. 
2 Power level of interferer and range
The current (incomplete) specification of the OOBB performance in 36.101 is as follows:
7.6.2.1A
Minimum requirements for CA

For inter-band carrier aggregation with the uplink assigned to one E-UTRA band, the out-of-band blocking requirements are defined with the uplink active on the band other than the band whose downlink is being tested. The UE shall meet the requirements specified in clause 7.6.2.1 in frequency ranges 1, 2 and 3 for each component carrier while both downlink carriers are active.

For Table 7.6.2.1-2 in frequency ranges 1, 2 and 3, up to FFS exceptions per assigned E-UTRA channel of the E-UTRA CA configuration are allowed for spurious response frequencies when measured using a step size of FFS. For these exceptions the requirements in clause 7.7 apply.
The Scell is thus measured with the Pcell activated while the interferer is swept across the frequency ranges 1, 2 and 3 relative to the SCC. Figure 1 shows the example of the CA_1-7 configuration with the ranges for both in-band and out-of-band blocking included. The two upper diagrams illustrate the Band 1 and Band 7 tests for non-CA operation. Now, if for the CA test, the SCell is configured in Band 1, then the CW interferer is swept according to the top diagram for Band 1 standalone operation, also across the PCC in Band 7 that is in interferer frequency range 3. Hence, the -15 dBm interferer is swept across the PCC that experiences a interfering exceeding the maximum input level, and at a much higher blocker level than in the Band 7 standalone test. The Pcell is not measured, only activated, but its throughput would not have been at 95%. A CW interferer level according to the bottom part of Figure 1 would be more appropriate. The existing measurement procedure could still be maintained, but the interferer level would also allow a measurement of the wanted signal throughput on the Pcell and Scell simultaneously. Two tests could still be made: one with the Pcell (and uplink) in the low band, and another with the Pcell in the high band. 

[image: image10.bmp]
Figure 1: out-of-band blocking scenarios for inter-band CA.

The OOBB requirements for DB-DC_HSDPA are verified with an interferer level according to the bottom part of Figure 1, and with the Pcell and Scell measured simultaneously, from 25.101: 
6.5B.2.2
Minimum requirements (Out of-band blocking)

The BLER measured on each individual cell shall not exceed 0.1 for the parameters specified in Table 6.5B.2. Out-of-band blocking is defined for an unwanted interfering signal falling at frequencies outside of frequency regions defined as the UE receive bands extended by 15 MHz at their lower and upper ends. For Table 6.5B.2 in frequency range 1, 2 and 3, up to 24 exceptions per received cell are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1 MHz step size. For these exceptions the requirements of clause 6.6B Spurious response are applicable.

For Table 6.5B.2 in frequency range 4, up to 8 exceptions per received cell are allowed for spurious response frequencies in each assigned frequency channel when measured using a 1 MHz step size. For these exceptions the requirements of clause 6.6B Spurious response for DB-DC-HSDPA are applicable.
Table 6.5B.2: Out of band blocking for DB-DC-HSDPA

	Parameter
	Unit
	Frequency range 1
	Frequency range 2
	Frequency range 3
	Frequency range 4

	HS-PDSCH_Ec
	dBm / 3.84 MHz
	<REFSENS>+3 dB
	<REFSENS>+3 dB
	<REFSENS>+3 dB
	<REFSENS> +3 dB

	Îor
	dBm / 3.84 MHz
	<REFÎor> + 3 dB
	<REFÎor> + 3 dB
	<REFÎor> + 3 dB
	<REFÎor> + 3 dB

	Iblocking (CW)
	dBm
	-44
	-30
	-15
	-15

	Fuw

(DB-DC-HSDPA Configuration 1)
	MHz
	865< f <910

975< f <1020

2050< f <2095

2185< f <2230
	840< f (865

1020( f <1045

2025< f  (2050

2230( f <2255
	1< f (840

1045( f <2025

2255< f ( 12750
	-

	Fuw

(DB-DC-HSDPA Configuration 2)
	MHz
	1870< f <1915

2005< f <2095

2170< f <2215
	1845< f (1870

2215( f <2240
	1< f (1845

2240( f <12750
	1850( f (1910

	Fuw
(DB-DC-HSDPA Configuration 3)
	MHz
	809< f <854

909< f <954

2050< f <2095

2185< f <2230
	784< f (809

954( f < 979

2025< f  (2050

2230( f <2255
	1< f (784

979( f <2025

2255< f (12750
	824 ( f ( 849

	UE transmitted mean power
	dBm
	20 (for Power class 3 and 3bis)

18 (for Power class 4)

	DB-DC-HSDPA Configuration 1
	For 910(f (975 MHz and 2095(f (2185 MHz, the appropriate in-band blocking or adjacent channel selectivity in subclause 6.4C.2 and subclause 6.5.B2.1 shall be applied.

	DB-DC-HSDPA Configuration 2
	For 1915(f (2005 MHz and 2095(f (2070 MHz, the appropriate in-band blocking or adjacent channel selectivity in subclause 6.4C.2 and subclause 6.5.B2.1 shall be applied.

	DB-DC-HSDPA Configuration 3
	For 854(f(909 MHz and 2095(f (2185 MHz, the appropriate in-band blocking or adjacent channel selectivity in subclause 6.4C.2 and subclause 6.5.B2.1 shall be applied.


The changes required for adopting the DB-DC-HSDPA test configuration for E-UTRA inter-band CA would be the following:
7.6.2.1A
Minimum requirements for CA

For inter-band carrier aggregation with the uplink assigned to one E-UTRA band, the throughput measured in each downlink shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.2.1-1 and 7.6.2.1A-0.
Table 7.6.2.1A-0
	E-UTRA CA Configuration
	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	CA_1A-5A, CA_1A-7A etc
	 Pwanted
	 dBm
	Table 7.6.2.1-1 for both carriers

	
	 Pinterferer
	 dBm
	-44
	-30
	-15

	
	 Finterferer
(CW)
	
	-60 < FDL_Low(1) – f < -15

or

-60 < FDL_Low(2) – f < -15

or

15 < f – FDL_High(1) < 60

or

15 < f – FDL_High(2) < 60
	-85 < FDL_Low(1) – f < -60

or

-85 < FDL_Low(2) – f < -60

or

60 < f – FDL_High(1) < 85

or

60 < f – FDL_High(2) < 85
	1 < f < FDL_Low(1) – 85

or

FDL_High(1)  + 85 < f

< FDL_Low(2)  – 85

or 

FDL_High(2)  + 85 < f

< 12750



	NOTE 1:
FDL_Low(1)  and FDL_High(1)  denote the respective lower and upper frequency limits of the lower operating band, FDL_Low(2)  and FDL_High(2)  the respective lower and upper frequency limits of the upper operating band.
NOTE 2:   For FDL_Low(1)  - 15 MHz < f < FDL_High(1)  + 15 MHz and FDL_Low(2)  - 15 MHz < f < FDL_High(2)  + 15 MHz the appropriate in-band blocking or adjacent channel selectivity in subclause […] and subclause […] shall be applied.



The throughput requirement shall be met on both downlinks (Pcell and Scell) simultaneously, and applies with the uplink (Pcell) active either in the lower or in the higher operating band. For the conformance test in 36.521-1, the operating band for the Pcell could possibly be chosen randomly, and a repeated test with the uplink in the other band would be avoided and the test time reduced. 
3 Remaining selectivity and blocking requirements
The remaining blocking tests could also be modified such that both downlinks are measured simultaneously. For the in-band blocking test:
7.6.1.1A
Minimum requirements for CA

For inter-band carrier aggregation with the uplink assigned to one E-UTRA band, the throughput measured in each downlink shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.1.1-1 and 7.6.1.1-2 for each downlink of the band combination. The requirement applies with the offset of FInterferer in Table 7.6.1.1-2 relative to the carrier frequency of one of the downlinks and with PInterferer increased by the amount given by ΔRIB,c in Table 7.3.1A-2. For band combinations including an operating band without uplink band (as noted in Table 5.5-1), the throughput requirements in both downlinks shall be met with the uplink in the band capable of UL operation. The requirements for the component carrier configured in the operating band without uplink band are specified in Table 7.6.1.1-1 and Table 7.6.1.1A-0.

Table 7.6.1.1A-0: In-band blocking for additional operating bands for carrier aggregation

	E-UTRA band
	Parameter
	 Unit
	Case 1
	Case 2

	
	 PInterferer
	 dBm
	-56
	-44

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 + FIoffset,case 2

	29
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15

to

FDL_high + 15

	NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 

NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 


The interferer is located on either side of the PCC or the SCC (see the bottom diagram in Figure 1). The downside is that this would necessitate significant changes to the conformance test specification; the in-band test is already specified unlike the out-of-band test. The existing test is still feasible; the changes above would only make sure that the throughput is actually met on both downlinks in the presence of an in-band interferer in one of the downlink bands.
4 Step size and exceptions

One way to reduce the test time is to increase the step size where possible. The step size could be chosen proportional to the receive bandwidth such that any spurious response falls within it, but still be limited such that selectivity is verified appropriately. This would be analogous to the 200 kHz step size for GSM and the larger 1 MHz step for UTRA with its wider bandwidth. 

The OOBB requirements are verified for each of the two bands of a CA configuration in non-CA mode using a 1 MHz step size. It is still necessary to verify the OOBE performance in CA-mode since the front-end behaviour may change and the number of spurious responses increase. The step size could be increased for the larger bandwidth, but with the step size chosen such that the spurious responses and any change of front-end blocker rejection are still captured. For verifying the 
OOBB requirements, up to two additional tests per bandwidth combination are needed
· one for each measured downlink (with the uplink in the other band not measured) using the existing methodology
· one for each uplink band if both downlinks are measured simultaneously

The test time could also be reduced by omitting one of the test and e.g. by picking the uplink band randomly.
The spurious responses due to intermodulation of the lowest order (IM2 and IM3), for example, are generated by intermodulation products with the own transmitter or other internal signals in the transceiver such as the LO and its harmonics that fall near or within the wanted channel. Blocker frequencies that may generate spurious responses are e.g. FTX – FRX and FTX + FRX for the second-order nonlinearity and the half-duplex blocker FRX - f/2 (f the duplex spacing) for the third-order linearity. When spurious responses occur, the intermodulation products traverse through the wanted channel as the interferer frequency is increased by the step size. Figure 2 shows a spurious response falling into the wanted channel for a change of the interferer frequency by a step size of Fs: the response would be shifted either by Fs or 2Fs for the 3rd order inter-modulation. If the standard 1 MHz step size is used for a large bandwidth of the wanted signal, the intermodulation products would generate multiple spurious responses as the intermodulation products traverse the channel and thus require more exceptions than would a larger step size. 


[image: image2]
Figure 2: spurious response falling into the receive band for one step of the interferer signal sweep.

The step size could therefore be increased for the larger bandwidth while still making sure that the spurious responses due to the lowest-order nonlinearities are captured. Table 1 shows proposed step sizes larger than 1 MHz for the larger bandwidths. 
Table 1: step size for OOBB test

	Channel Bandwidth [MHz]
	Step size [MHz]

	1.4
	1

	3
	1

	5
	1.5

	10
	3

	15
	5

	20
	6


The step size is smaller than or equal to 6 MHz, which means that any spurious response frequency would change by 12 MHz at most (for IM3) for the 20 MHz channel if the interferer frequency increased or decreased one step so as to make sure the response is captured; similarly for the other channel bandwidths.

For Rel-8, the number of allowed exceptions for spurious response is

(3.1)
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for frequency ranges 1-3. The number 24 is taken from the UTRA specification and used as a lower bound for E-UTRA. 24 occurrences are also allowed for GSM (200 kHz step size).

For carrier aggregation, we first scale the number of exceptions with the larger step size Fs for each downlink:

(3.2)
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as fewer exceptions are generated as the intermodulation products traverse the wanted channel, and then keep the 24 occurrences as a lower bound consistent with Rel-8 (the 1 MHz in (3.2) is just to get the proper dimension of the expression as Fs is given in MHz) The number of exceptions is shown in Table 2 without the lower bound of 24 occurrences for Rel-8. 

Table 2: occurrences for spurious response

	Channel Bandwidth [MHz]
	Exceptions for Rel-8 according to (3.1) without lower bound
	Step size for CA 

[MHz]
	Exceptions for CA per cell according to (3.2) without lower bound

	1.4
	6
	1
	6

	3
	18
	1
	18

	5
	30
	1.5
	24

	10
	54
	3
	18

	15
	78
	5
	18

	20
	102
	6
	18


For inter-band carrier aggregation, the OOBB blocking requirement is verified with both downlink bands active and the uplink active in either of these two. If the requirement is measured on both downlinks as discussed above, the step size should be chosen according to the smallest bandwidth of the combination, e.g. 3 MHz for a 10 + 10 MHz bandwidth combination but still 1 MHz for 1.4 + 10 MHz. 
The test time for any bandwidth combination with constituent bandwidths larger or equal to 10 MHz and the uplink active in one of the bands combined will be reduced by 66% compared to a Rel-8 test of one carrier bandwidth. For carrier aggregation the OOBB should be verified with the uplink active in both of the two bands so there would be no reduction of test time unless the carrier bandwidths of the combination are larger or equal to 10 MHz, unless one of the uplink bands is chosen.
The changes to 36.101 assuming both downlinks are measured simultaneously would look like
7.6.2.1A
Minimum requirements for CA

For inter-band carrier aggregation with the uplink assigned to one E-UTRA band, the out-of-band blocking requirements are defined with the uplink active on the band other than the band whose downlink is being tested. The UE shall meet the requirements specified in clause 7.6.2.1 in frequency ranges 1, 2 and 3 for each component carrier while both downlink carriers are active.
For Table 7.6.2.1-2 in frequency ranges 1, 2 and 3, up to 
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exceptions per downlink are allowed for spurious response frequencies when measured using a step size of Fs in MHz (Table 7.6.2.1A-0a). For these exceptions the requirements in clause 7.7A apply.
Table 7.6.2.1A-0a: step size
	Smallest bandwidth of the CA configuration 
(MHz)
	Step size Fs 
(MHz)

	1.4
	1

	3
	1

	5
	1.5

	10
	3

	15
	5

	20
	6


For intra-band contiguous carrier aggreagations the downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.6.2.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2. 

If the existing methodology is kept, the “Smallest bandwidth of the CA configuration […]” above would be replaced by “Bandwidth of the measured downlink […]”.
5 Proposed text for 36.101 for out-of-band blocking

For verifying OOBB performance for inter-band CA it is proposed to
· measure both downlinks simultaneously just as for DB-DC-HSDPA;

· modify the interferer power level as given below;

· increase the step size to reduce the test time.

The required changes in 36.101 to do this:

7.6.2.1A
Minimum requirements for CA

For inter-band carrier aggregation with the uplink assigned to one E-UTRA band, the throughput measured in each downlink shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.6.2.1-1 and 7.6.2.1A-0.
Table 7.6.2.1A-0
	E-UTRA CA Configuration
	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	CA_13A-17A, CA_13A-17A
	 Pwanted
	 dBm
	Table 7.6.2.1-1 for each carrier

	
	 Pinterferer
	 dBm
	-44
	-30
	-15

	
	 Finterferer
(CW)
	
	-60 < FDL_Low(1) – f < -15

or

-60 < FDL_Low(2) – f < -15

or

15 < f – FDL_High(1) < 60

or

15 < f – FDL_High(2) < 60
	-85 < FDL_Low(1) – f < -60

or

-85 < FDL_Low(2) – f < -60

or

60 < f – FDL_High(1) < 85

or

60 < f – FDL_High(2) < 85
	1 < f < FDL_Low(1) – 85

or

FDL_High(1)  + 85 < f

< FDL_Low(2)  – 85

or 

FDL_High(2)  + 85 < f

< 12750



	NOTE 1:
FDL_Low(1)  and FDL_High(1)  denote the respective lower and upper frequency limits of the lower operating band, FDL_Low(2)  and FDL_High(2)  the respective lower and upper frequency limits of the upper operating band.
NOTE 2:   For FDL_Low(1)  – 15 MHz < f < FDL_High(1)  + 15 MHz and FDL_Low(2)  – 15 MHz < f < FDL_High(2)  + 15 MHz the appropriate in-band blocking or adjacent channel selectivity in subclause […] and subclause […] shall be applied.




For Table 7.6.2.1A-0 in frequency ranges 1, 2 and 3, up to 
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exceptions per downlink are allowed for spurious response frequencies when measured using a step size of Fs in MHz (Table 7.6.2.1A-0a). For these exceptions the requirements in clause 7.7A apply.
Table 7.6.2.1A-0a: step size
	Smallest bandwidth of the CA configuration 
(MHz)
	Step size Fs 
(MHz)

	1.4
	1

	3
	1

	5
	1.5

	10
	3

	15
	5

	20
	6


For intra-band contiguous carrier aggreagations the downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.6.2.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2. 

If a reduced step size is not acceptable, then the test time can be reduced by picking the uplink band randomly. The changes needed for the step size and number of exceptions are then
For Table 7.6.2.1A-0 in frequency ranges 1, 2 and 3, up to 
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exceptions per downlink are allowed for spurious response frequencies when measured using a step size of 1 MHz. For these exceptions the requirements in clause 7.7A apply.
For intra-band contiguous carrier aggreagations the downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.6.2.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2. 

For the spurious responses, the following changes
7.7.1A 
Minimum requirements for CA
For inter-band carrier aggregation with uplink assigned to one E-UTRA band, the throughput measured in each downlink with Finterferer in Table 7.6.2.1A-0 at spurious response frequencies shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.7.1-1 and 7.7.1-2. For band combinations including an operating band without uplink band (as noted in Table 5.5-1), the requirements for both downlinks shall be met with the uplink active in the band capable of UL operation.

For intra-band contiguous carrier aggregation the downlink SCC shall be configured at nominal channel spacing to the PCC with the PCC configured closest to the uplink band. Downlink PCC and SCC are both activated. The uplink output power shall be set as specified in Table 7.7.1A-1 with the uplink configuration set according to Table 7.3.1A-1 for the applicable carrier aggregation configuration. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2. The throughput of each carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Tables 7.7.1A-1 and 7.7.1A-2.
with the downlinks measured simultaneously.
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